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The current study explores change in mental rotation skills throughout the pre-
kindergarten year in a Hispanic population to better understand the development of early
sex differences in mental rotation. Ninety-six Hispanic children (M = 4 years 8 months)
completed a mental rotation task at the beginning and end of pre-kindergarten. Results
suggest Hispanic boys and girls differed in gains on mental rotation ability, with boys
improving significantly more than girls during pre-kindergarten on a mental rotation task.
This study highlights the significance of studying mental rotation abilities in a Hispanic
population of pre-kindergarten aged children and suggests the importance of examining
sex differences in mental rotation over time, rather than at one time-point, to better
understand when sex differences in spatial skills develop. We discuss various factors
that potentially affect the growth of spatial skills including the role of early education,
spatial experiences, and spatial language input.
Keywords: spatial thinking, preschool, sex differences, Hispanic children, mental rotation
INTRODUCTION
Spatial thinking is the ability to think about the spatial world and encompasses a number of
skills including mentally rotating and transforming objects and shapes, recreating patterns, and
navigating around one’s environment (Sinton et al., 2013). Children and adults depend on spatial
thinking for a variety of everyday situations such as remembering the location of a doll in a play
room or a car in the parking lot, fitting toys in a box or suitcases in a trunk, and building block
towers or Ikea furniture (Abad, 2018). Aside from being necessary for everyday tasks, spatial
thinking is linked to early mathematics ability (Cheng and Mix, 2014; Verdine et al., 2017) and
predicts future entry in Science, Technology, Engineering, Mathematics (STEM) fields (Humphreys
et al., 1993; Shea et al., 2001; Wai et al., 2009).
Several studies have established sex differences in adults’ spatial skills, particularly mental
rotation ability, with men consistently outperforming women (Maccoby and Jacklin, 1974; Linn and
Petersen, 1985; Voyer et al., 1995). However, when these sex differences develop remains uncertain
since sex differences in children’s spatial skills are inconsistent (Frick et al., 2014). Previous studies
typically examine sex differences at one timepoint in mostly middle- to upper-income populations
of primarily White individuals leaving open the question of whether we see sex differences in spatial
thinking over time and in underrepresented populations. The projections that Hispanics will make
up 28 percent of the United States population by the year 2050 (Colby and Ortman, 2015) and the
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lack of minority representation in STEM fields (National
Science Foundation and National Center for Science and
Engineering Statistics, 2013) reveal the importance of exploring
sex differences in a Hispanic population. In a recent publication
Levine et al. (2016) attempted to “advance the conversation”
on sex differences in spatial cognition by laying out the
need for more research examining change in development.
The current study seeks to fill these gaps in the literature
and “advance the conversation” by examining whether there
are sex differences in spatial skills over time in a typically
understudied population, Hispanic pre-kindergarten (pre-k)
children of diverse socioeconomic status. Specifically, the current
study aims to explore whether changes in mental rotation ability
made by Hispanic boys throughout pre-kindergarten are different
from changes made by Hispanic girls.
Sex Differences in Spatial Thinking
Research over four decades suggests consistent sex differences
in spatial thinking, with men reliably outperforming women on
some spatial thinking tasks and the largest effects found on tasks
requiring mental rotation ability (Maccoby and Jacklin, 1974;
Linn and Petersen, 1985; Voyer et al., 1995; Uttal et al., 2013).
However, when and how these sex differences emerge are more
contentious subjects (see review by Levine et al., 2016 as well as
Frick et al., 2014).
Studies on sex differences in spatial skills across the lifespan
have resulted in inconsistent findings. Consistent with the adult
literature, some studies have found an early male advantage on
spatial skills (e.g., Johnson and Meade, 1987; Levine et al., 1999;
Levine et al., 2005; Ehrlich et al., 2006; Casey et al., 2008; Moore
and Johnson, 2008; Quinn and Liben, 2008, 2014; Levine et al.,
2012; Lauer et al., 2015). For instance, a study by Johnson and
Meade (1987) on children between 6 and 18 years showed boys
outperform girls on spatial tasks by age 10. Exploring a younger
population, Levine et al. (1999) tested children ranging from 4
to almost 7 years of age on a mental rotation task and found sex
differences with boys outperforming girls as early as 4.5 years of
age. Sex differences on spatial tasks in 3–4.5 year olds have been
replicated in other studies (Levine et al., 2012; Joh, 2016; Pruden
and Levine, 2017).
However, studies examining children’s spatial thinking have
found no consistent sex differences, even on tasks requiring
mental rotation skills where the strongest sex differences are
found in adults (e.g., Platt and Cohen, 1981; Kaplan and
Weisberg, 1987; Caldwell and Hall, 1970; Kaess, 1971; Jahoda,
1979; Kosslyn et al., 1990; Estes, 1998; Lachance and Mazzocco,
2006; Frick et al., 2009; Krüger and Krist, 2009; Jansen and Heil,
2010; Frick et al., 2013; Lehmann et al., 2014; Verdine et al.,
2017). For instance, a study by Manger and Eikeland (1998)
on sixth graders’ spatial visualization skills found no significant
sex differences. Frick et al. (2013) explored the performance of
children between the ages of 3 and 5 on a mental rotation task
and found no consistent sex differences. More recently, Verdine
et al. (2017) assessed the spatial thinking abilities of 3 to 5-year-
old children on a variety of spatial tasks and found no significant
sex differences. Furthermore, due to the file-drawer problem, it
is possible that numerous other studies showing no significant
sex differences in children’s spatial thinking remain unpublished
(Rosenthal, 1979).
Sex differences in adults’ spatial ability are well established,
however, when and how these sex differences emerge remains
uncertain. Biological, hormonal, and evolutionary accounts still
permeate the debate, however, environmental factors have been
shown to influence and potentially mediate sex differences in
spatial skills including: (1) boys are engaged in more activities
related to spatial and mathematics achievement than girls
(Newcombe et al., 1983; Baenninger and Newcombe, 1995;
Nazareth et al., 2013); (2) boys and girls are held to different
expectations and standards (i.e., gender stereotypes) by their
parents and teachers (Parsons et al., 1982; Eccles and Jacobs,
1986); (3) girls have more anxiety regarding their performance
on spatial activities (Lawton, 1994; Baenninger and Newcombe,
1995); and (4) boys hear more spatial language than girls from
their parents (Pruden and Levine, 2017).
While no single explanation accounts for the sex differences
found in spatial thinking and the timing of the emergence of these
sex differences is still debated, it is clear that sex differences exist
and are influenced by many environmental factors. The bulk of
previous research has addressed sex differences in spatial thinking
in middle- to upper-income populations containing primarily
non-Hispanic White individuals. However, to better understand
sex differences in spatial thinking, it is critical to explore whether
these differences exist across populations.
Generalizability of Sex Differences in
Spatial Thinking
Studies investigating whether sex differences in spatial thinking
are generalizable across diverse populations show conflicting
results. Several studies in African, Asian, and Western cultures
suggest the male advantage exists across cultures in both child
and adult samples (e.g., Jahoda, 1980; Mann et al., 1990; Lynn,
1992; Silverman et al., 2007; Casey et al., 2008; Lippa et al.,
2010; Liu and Lynn, 2011). However, other studies utilizing
cross-cultural and diverse populations suggest sex differences in
spatial thinking may not be generalizable across all populations.
For instance, Feingold (1994) examined sex differences in
studies conducted after 1980 with participants from outside
of the United States and found no consistent sex differences
in verbal, math, or spatial skills across cultures. Berry (1966)
examined the spatial ability of Eastern Canadian Eskimos from
the Baffin Islands and found no sex differences on a variety
of spatial assessments. More recently, Icelandic high school
girls were found to outperform their male peers on highly
spatial sections of a mathematics test (Lemke et al., 2004).
Additionally, socioeconomic status was found to mediate sex
differences in mental rotation (Levine et al., 2005). Levine
and colleagues found sex differences in the mental rotation
skills of boys and girls from middle and high SES but no sex
differences in the mental rotation skills of children from low
SES.
These studies suggest sex differences in spatial skills are
generalizable across some nations, cultures, ethnicities, and
socioeconomic statuses but may not be universal. Little research
to date (though see Casey et al., 2008; Nazareth et al., 2013) has
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looked at whether there are similar sex differences in Hispanic
individuals across varying socioeconomic groups – the aim of
the present study. Importantly, no studies have investigated
sex differences in spatial thinking in an exclusively Hispanic
population of children within the United States (US). Given the
growing Hispanic population in the United States and the current
underrepresentation of Hispanic women in STEM fields, it is
critical to examine whether sex differences in spatial thinking are
generalizable to this particular population.
Changes in Spatial Skill
Numerous studies have established that spatial thinking is
malleable and can be improved through training in both males
and females (Ehrlich et al., 2006; Terlecki et al., 2008; Wright
et al., 2008). Additionally, studies with multiple timepoints
provide a greater understanding of sex differences in spatial
thinking by examining whether these differences change over
time. However, these studies generally examine change in
spatial thinking after a specific intervention, with few studies
investigating naturally occurring changes in spatial thinking in
males and females throughout development (e.g., Huttenlocher
et al., 1998; Levine et al., 2005; Lachance and Mazzocco, 2006;
Verdine et al., 2017).
Huttenlocher et al. (1998) conducted a cross-sectional study
where kindergartners and first graders were tested during
school months and summer break on several cognitive tasks.
Emphasizing the impact of early education for the development
of spatial skills, children were found to grow significantly more
during school months compared to vacation months on cognitive
tasks related to language and spatial operations. While this
study examines change in spatial thinking throughout early
development, its cross sectional design leaves the question
of whether boys and girls make similar or different changes
throughout the school year unanswered. In a longitudinal study,
Levine and colleagues examined the influence of SES and sex
on second and third graders’ spatial skills. Children made
improvements over time on all spatial tasks measured, however,
there were no reported differences in spatial ability by sex or SES
over time. A different longitudinal study by Verdine et al. (2017)
on the spatial abilities of children between the ages of 3 and 5
found no sex differences in preliminary analysis and therefore
did not examine sex differences over time. Another longitudinal
study (Lachance and Mazzocco, 2006) where over 100 students
were followed from kindergarten to third grade to examine sex
differences in math and spatial skills found no persistent sex
differences during any year of the study, in any area of math or
spatial skills, or in growth rates for math or spatial skills. These
studies look at change in spatial skills over time in a naturalistic
setting, however, none included an analysis of sex differences
in change over time in preschool aged children, a time when
many children enter formal schooling and sex differences may be
emerging (Levine et al., 1999, 2012; Joh, 2016).
Given the lack of consensus on the age at which sex differences
in spatial skills emerge and the fact that spatial skills develop
over time and sex differences in spatial skills strengthen over
time (Voyer et al., 1995), examining naturally occurring change
in boys’ and girls’ spatial skills over time may provide a greater
understanding of when these sex differences develop not available
through studies with only one timepoint and/or cross-sectional
designs. The current study aims to explore sex differences in
change on mental rotation throughout the preschool year to
better understand the development of early sex differences in
spatial skills.
The Current Study
In sum, prior research finds that sex differences in spatial skills
exist (e.g., Maccoby and Jacklin, 1974; Linn and Petersen, 1985;
Voyer et al., 1995; Uttal et al., 2013), are generalizable across
some populations (e.g., Jahoda, 1980; Mann et al., 1990; Lynn,
1992; Silverman et al., 2007; Casey et al., 2008; Liu and Lynn,
2011), are malleable (e.g., Baenninger and Newcombe, 1989;
Uttal et al., 2013), and are influenced by environmental factors
(e.g., Newcombe et al., 1983; Baenninger and Newcombe, 1995;
Levine et al., 2012; Nazareth et al., 2013). However, little is
known regarding change in sex differences in mental rotation
ability over time and whether sex differences generalize to an all-
Hispanic population. The current study seeks to address this gap
by following Hispanic children throughout pre-k to assess early
sex differences in mental rotation skills. Specifically, the current
study has two aims: (1) to examine whether sex differences in
mental rotation skills exist in Fall (time 1) and Spring (time 2)
semesters of pre-kindergarten and (2) to explore whether changes
in mental rotation skills of Hispanic pre-k boys are different from
changes in mental rotation skills of Hispanic pre-k girls.
MATERIALS AND METHODS
Participants
The sample consisted of 96 children (45 boys; mean age at
time 1 = 56 months; SD = 3.69 months) from 27 classrooms
(20 schools) enrolled in Florida’s state funded pre-k program
at private schools. Participants were part of a larger study
examining the role of educator language on the development
of various spatial skills. One child was excluded due to a
diagnosed developmental delay. All children were from Hispanic
families in South Florida (16 families or 16.7% refused to report
ethnicity) and were Spanish/English bilinguals. An English and
Spanish language screener was administered as an additional
check that they were being raised in bilingual homes (see section
“Materials’ and Methods” for a description of the language
screener). Socioeconomic status (SES), which has been shown
to mediate sex differences in spatial skills (Levine et al., 2005)
was diverse, with families reporting variability in two indicators
of SES, income and education levels. Given the correlation
between family gross income and highest degree of education,
r(94) = 0.630, p < 0.001, gross income was used as a proxy for
SES. Eight participants reported earning $100,000 or more a year
(8.3%), 5 earning between $75,000 to $99,999 (5.2%), 19 earning
between $50,000 and $74,999 (19.8%), 13 earning between
$35,000 and $49,999 (13.5%), 18 earning between $15,000 and
$34,999 (18.8%), and 13 earning less than $15,000 a year (13.5%).
Twenty families did not report gross income (20.8%).
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Materials and Procedures
Consent and Demographics
Participants were recruited via letters sent from schools to
parents. Interested families returned a signed consent form and
received a demographics questionnaire regarding the child’s race
and ethnicity, primary caregiver’s highest level of education, and
family gross income.
Language Comprehension Screener
Children with parental consent were administered a brief
language comprehension task in both English and Spanish during
the first school visit. The screener included five questions in
English (i.e., what is your name, point to the cat, how old are you,
show me your nose, what is your favorite color) and Spanish (i.e.,
cómo te llamas, señala el gato, cuántos años tienes, enseñame tu
nariz, cuál es tu color favorito) intended to assess basic language
comprehension in both languages. Children were tested in a
random order and the first two boys and two girls from each
classroom to answer a minimum of four out of five items correctly
on both language screeners were included in the study. Only
four children from each classroom were selected to ensure a
balanced number of children from each classroom and to limit
classroom disruption. Forty-four children were excluded from
the study for failing the screener in either English or Spanish.
This confirmed children were able to understand English for
our English-administered mental rotation assessment and were
bilingual.
Assessments
Participants completed the Peabody Picture Vocabulary Test,
Test de Vocabulario en Imágenes Peabody, and Children’s Mental
Transformation Task at both Fall and Spring semesters. The
average time lag between time 1 and time 2 assessments was
approximately four and a half months. Children were tested
individually at their preschool and were given a sticker at the end
of each testing session as a reward.
Receptive vocabulary
Children completed a measure of receptive vocabulary in English
(Peabody Picture Vocabulary Test, 4th ed [PPVT]; Dunn and
Dunn, 1997) and Spanish (Test de Vocabulario en Imagenes
Peabody [TVIP]; Dunn et al., 1986) twice during the school
year. These measures served as a proxy of children’s verbal
intelligence; standardized scores for both the PPVT and TVIP
were not significantly correlated [r(94) = −0.195, p = 0.07]
and were both included as control variables in analyses. Since
bilingual children vary in their relative strength in each language
spoken, we found it to be important to include both measures
to accurately represent children’s vocabulary skills. For each test
item, the experimenter asked the child to point to a picture from
a set of four pictures (e.g., “point to feather”). Each assessment
took approximately 10–15 min to administer. Scores on both the
PPVT and TVIP were age-based standardized scores with a mean
score of 100 and a standard deviation of 15.
Children’s mental transformation task
An abbreviated version of the Children’s Mental Transformation
Task (CMTT; Levine et al., 1999) used by Pruden et al.
(2011) was administered at each timepoint. This task evaluates
children’s ability to mentally rotate and translate two shapes
to make a whole object. The CMTT is different from classic
embedded figures task in that it requires both rotation and
transformation of object parts to form a whole rather than
simply identifying parts within a whole. On each of 10 items,
children were shown two pieces of shapes and four target
shapes, and were asked to point to the shape that the two
pieces would make if they were put together (Figure 1).
Every correct response received 1 point with a possible
score range of 0 to 10 points. On average, the CMTT took
5 min to complete and children were administered all 10
items.
RESULTS
Normality, Outliers, and Missing Data
Prior to analysis, SES, child’s age at the time of each
assessment, and scores on the PPVT, TVIP, and CMTT
at each timepoint were examined for normality as well as
univariate and multivariate outliers. Histograms were examined
for univariate outliers and violations of normality (Tabachnick
and Fidell, 2013). No univariate outliers were found in any
variables tested. However, several variables were found to
be skewed; this was addressed by using bootstrapping in
subsequent analyses. No multivariate outliers were identified
by using Mahalanobis distance with p < 0.001 (Yuan and
Hayashi, 2010). Little’s Missing Completely At Random (MCAR)
test was not significant (X2 = 767.92, df = 816, p = 0.884)
suggesting data were missing at random (Tabachnick and Fidell,
2013). Less than 13% of data were missing, missing data
were addressed by conducting multiple imputations using five
imputations (Schafer and Graham, 2002). Reported results are
from analyses conducted utilizing pooled data from the five
imputations.
Descriptive Statistics
Descriptive statistics for children’s performance on the CMTT
and the receptive vocabulary measures (PPVT; TVIP) show
considerable variability at each timepoint and in both sexes
(Table 1). Average assessment scores suggest no floor or ceiling
effects for any of the assessments, and ranges suggest variability
in children’s performance.
FIGURE 1 | Example from the Children’s Mental Transformation Task (CMTT).
Children are shown two pieces of shapes and four shapes and are asked to
“Point to the shape the pieces make.”
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TABLE 1 | Descriptive statistics for scores at time 1 and time 2.
Time 1 Time 2
Males Females Males Females
M SD Min Max M (SD) M (SD) M SD Min Max M (SD) M (SD)
CMTT 4.04 2.54 0.00 9.00 4.45 (2.43) 3.68 (2.61) 5.69 2.07 0.00 10.00 5.58 (2.43) 5.78 (1.72)
PPVT 89.60 14.74 59.00 117.00 87.92 (15.14) 91.23 (14.34) 93.79 15.06 59.00 120.00 94.31 (14.58) 93.36 (15.60)
TVIP 90.23 17.58 55.00 135.00 90.21 (16.41) 90.25 (18.73) 91.13 19.66 55.00 139.00 90.71 (18.79) 91.47 (20.56)
Scores in this table were not imputed.
Main Analyses
Two multiple linear regressions and an ANCOVA style linear
regression were conducted with Mplus version 7.31 to assess
whether child sex was predictive of performance on the CMTT
at time 1 and time 2 (aim 1) and to examine whether child
sex was predictive of changes in CMTT scores throughout pre-
kindergarten (aim 2).
Aim 1. A multiple linear regression was performed at each of
the two timepoints to examine whether there were sex differences
in mental rotation scores at time 1 (see Table 2) and time 2
(see Table 2); each regression controlled for SES, age at the
time of assessment, and receptive vocabulary (PPVT and TVIP)
scores. Results suggest there were no significant sex differences
in Hispanic pre-kindergartners’ CMTT scores at the time 1
(CMTT: b = −0.65, β = −0.13, p = 0.18, R2 = 0.201) or time
2 (CMTT: b = 0.28, β = 0.07, p = 0.51, R2 = 0.134). Given the
bilingual population of this study, English and Spanish receptive
vocabulary scores were both included as controls; however, the
results held when controlling for only English and only Spanish
scores.
Aim 2. An ANCOVA style linear regression was performed on
CMTT scores (see Table 3); ANCOVA style linear regressions
can be used to determine change with two timepoints by
using statistical controls to investigate change over time
(Newsom, 2012). An ANCOVA style regression allows for similar
conclusions as an ANOVA while permitting the inclusion of
additional continuous variables to be controlled (Cohen et al.,
2003).
The second aim of the study was to explore whether
there are sex differences in the changes Hispanic children
TABLE 2 | Regression analyses predicting CMTT at time 1 for imputed pooled
scores.
Time 1 Time 2
Variable B SE (B) β p B SE (B) β p
Constant −17.89 3.49 −7.07 0.00 −8.51 4.29 −4.06 0.05
Child’s sex −0.65 0.49 −0.13 0.18 0.28 0.43 0.07 0.51
Family income −0.07 0.17 −0.05 0.66 0.23 0.17 0.18 0.18
PPVT 0.04 0.02 0.24 0.05∗ 0.03 0.02 0.20 0.13
TVIP 0.02 0.01 0.14 0.16 0.02 0.01 0.15 0.12
Age 0.23 0.06 0.32 0.00∗∗ 0.07 0.06 0.11 0.26
Time 1 R2 = 0.201; Time 2 R2 = 0.134; ∗p < 0.05 and ∗∗p < 0.01.
TABLE 3 | ANCOVA analyses predicting CMTT at time 2 for imputed pooled
scores.
Variable B SE (B) β p
Constant −0.488 4.326 −0.237 0.910
Time 1 score 0.410 0.162 0.496 0.011∗
Child’s sex 0.431 0.433 0.102 0.320
Child’s sex ∗ time 1 −0.408 0.177 −0.367 0.021∗
Family income 0.191 0.150 0.149 0.203
PPVT 0.023 0.017 0.178 0.179
TVIP 0.010 0.010 0.089 0.348
Age 0.040 0.060 0.068 0.502
R2 = 0.234; ∗p < 0.05. CI, confidence interval; LL, lower limit; UL, upper limit.
make in mental rotation skills during prekindergarten. Results
show that the interaction between child’s sex and CMTT
scores at time 1 significantly predicted CMTT scores at
time 2 (b = −0.41, β = −0.37, p = 0.02, R2 = 0.234),
suggesting there were significant sex differences in gains made
throughout pre-k on this task. Specifically, boys improved
0.41 points more than girls on the CMTT throughout the
school year. English and Spanish receptive vocabulary scores
were both included as controls; however, results held when
controlling for only English or only Spanish scores. These
results suggest boys are experiencing significantly greater gains
than girls on the CMTT (see Figure 2). Furthermore, CMTT
scores at time 1 were found to be a significant positive
predictor of CMTT scores at time 2 (b = −0.41, β = 0.50,
p = 0.011, R2 = 0.234), suggesting improvement in CMTT
scores throughout pre-k when boys and girls scores are
combined.
It is important to note that results from the ANCOVA
style linear regressions seem to contradict descriptive statistics
previously reported, where the mean score on the CMTT for
girls increased more than the mean score on the CMTT for
boys across timepoints (Table 1); however, simply looking at
mean scores does not take into account individual differences
in performance. In fact, examining standard deviations for
mean scores shows that while there is a similar amount
of variability in boys’ and girls’ scores at time 1, there is
much greater variability in boys’ scores compared to girls’
scores at time 2. Furthermore, simply comparing mean scores
does not control for any potential confounds. The literature
points to SES, age, and verbal IQ as strong predictors of
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FIGURE 2 | Gains in CMTT scores throughout pre-kindergarten by child’s sex
based on regressions including age at the time of assessment, family gross
income, and English and Spanish receptive vocabulary scores as covariates
with mean covariates values.
CMTT scores (e.g., Levine et al., 2005), therefore, in order
to accurately assess growth in CMTT it is necessary to
control for these variables. Since our control variables are
continuous variables, but we are interested in change over
time and sex differences, which are categorical variables,
ANCOVA, which within the general linear model combines
ANOVA and regression, is the most appropriate and least
biased approach (see Rutherford, 2011 for a detailed explanation
of the uses of ANCOVA). For these reasons, an ANCOVA
style regression was run in order to gain a more complete
understanding of the development of mental rotation skills
throughout pre-k.
DISCUSSION
The current study aimed to examine the development of sex
differences in the mental rotation skills of Hispanic children
throughout pre-k by exploring (1) whether sex differences exist
in Hispanic pre-kindergartners’ mental rotation skills at time
1 and time 2; and (2) whether there are sex differences in
the changes (i.e., gains) Hispanic children make on mental
rotation skills throughout pre-k. In short, our results suggest
that simply looking at sex differences at only one time
would suggest there are no sex differences in mental rotation
skills at this age; however, by examining sex differences over
time with robust analysis utilizing potential covariates, boys
were found to make greater gains in mental rotation than
girls. The importance of these findings is threefold as they
suggest (1) pre-kindergarten is a time of significant change
and emergence of sex differences in mental rotation skills; (2)
different methodologies such as including multiple timepoints
and examining change is critical for understanding when
sex differences in mental rotation skills develop; and (3)
early sex differences in mental rotation are generalizable to
a SES-diverse population of Hispanic children living in the
United States.
Sex Differences in Mental Rotation Skills
Our findings that boys make greater gains in mental rotation than
girls throughout prekindergarten provide interesting insight into
the study of sex differences in childhood. While sex differences
in the mental rotation skills of adults are well established,
studies examining sex differences in children’s spatial skills
show inconsistent results (Frick et al., 2014). Our results help
explain these discrepancies in the literature, as they show pre-k
boys make greater improvements than girls on a task requiring
mental rotation skills, but boys and girls do not significantly
differ in performance when examined at one single timepoint.
Furthermore, while there is a similar amount of variability in
boys’ and girls’ scores at time 1, there is greater variability in
boys’ scores compared to girls’ scores at time 2. These findings
suggest that pre-kindergarten is a time when sex differences
in mental rotation skills are emerging, though more studies
will be needed to determine when exactly these differences
emerge.
One possible explanation for boys improving significantly
more on the CMTT than girls is that early education may
be providing more opportunities for boys, compared to girls,
to advance their mental rotation skills. Previous research
shows boys are exposed to more activities (e.g., Legos, blocks,
construction toys) that promote spatial learning than girls
(Newcombe et al., 1983; Baenninger and Newcombe, 1995;
Nazareth et al., 2013). While speculative, since we did not
gather data on children’s exposure to spatial activities in the
classroom, it is possible boys may have been exposed to new
spatial experiences that improved their mental rotation skills
in pre-k, allowing them to make larger gains on the CMTT.
Another possible explanation for boys improving more than girls
on the CMTT is that boys hear more spatial language than girls
from their parents in the home setting (Pruden and Levine,
2017). Similarly, it could be that educators, like parents, use
new or a greater quantity and quality of spatial language with
boys in the pre-k classroom, contributing to the development
of boys’ spatial skills. While speculative, these various factors
highlight the need for more research on spatial development in
the early education setting, the impact of early education on
spatial development, and whether boys and girls are exposed to
the same kind of spatial experiences (e.g., activities and language)
in the early education classroom (Costales et al., 2015). These
mechanisms alone, or more likely via complex interactions, may
provide a powerful means to promote spatial thinking in both
sexes.
Examining Sex Differences at Multiple
Timepoints
The current findings suggest the importance of examining
change in sex differences in mental rotation through time
to better understand these differences and when and how
they develop. Had we explored sex differences at only
one of the two timepoints, we would have concluded that
there were no sex differences in Hispanic pre-kindergartners’
mental rotation skills. However, by examining change in
boys’ and girls’ mental rotation skills throughout the school
year, we were able to observe that mental rotation ability
in pre-k is actually different for boys and girls, with boys
making greater improvement on a mental rotation task than
girls.
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Given our finding that sex differences in mental rotation
are growing stronger or emerging at this age, it is possible
that studies looking for sex differences at only one timepoint
may not always find significant results, even when differences
are present. Our results highlight the importance of utilizing
different methodologies examining change over time to uncover
the earliest indicators of sex differences in spatial thinking and
help explain the inconsistencies in the current research on early
sex differences in spatial thinking. Given that spatial skills are
malleable and can be improved (Uttal et al., 2013), early detection
of sex differences in spatial thinking by exploring change is
critical and may help us identify when in development spatial
experiences and training for both girls and boys should occur.
Generalizing Sex Differences in Mental
Rotation to a Hispanic Population
Studies exploring sex differences in diverse populations show
inconsistent results (Berry, 1966; Jahoda, 1980; Mann et al., 1990;
Lynn, 1992; Feingold, 1994; Lemke et al., 2004; Levine et al.,
2005; Silverman et al., 2007; Casey et al., 2008; Liu and Lynn,
2011). To date, few studies have examined sex differences with
diverse populations including Hispanic participants (though see
Casey et al., 2008; Nazareth et al., 2013). Our findings suggest
sex differences in mental rotation skills are generalizable to a
Hispanic population of children of varying SES living in the
United States. Given the link between spatial thinking and
future entry into STEM fields (Humphreys et al., 1993; Shea
et al., 2001; Wai et al., 2009) and the exponentially increasing
Hispanic population in the United States, our findings may have
important implications for future work aimed at understanding
the underrepresentation of minorities and women in STEM
fields.
Limitations
It is important to note some limitations to this study. First,
the current study only measured mental rotation ability at two
timepoints, limiting our ability to test non-linear relations and
utilize more powerful statistical tools like growth curve modeling.
Second, given the small number of children assessed at some
of the classrooms and schools, it was not possible to determine
whether there were any classroom or school clustering effects.
Third, given the observational nature of this study, we are
unable to make causal inferences regarding the mechanisms
that lead to changes in mental rotation performance and the
sex differences seen in changes on the mental rotation task.
Fourth, given the nature of this study it was not possible to
control for the influence of many factors which have been
shown to influence sex differences in mental rotation skills (e.g.,
engagement with spatial toys and activities, gender stereotypes,
spatial anxiety, and spatial language. Finally, our study is the
first to examine spatial thinking skills in a bilingual population.
While we believe this is an important and understudied area
of research, given that our entire sample was English-Spanish
bilinguals, it was not possible for us to examine the specific role
of bilingualism versus monolingualism on the development of
spatial thinking.
CONCLUSION
The current study suggests there are sex differences in
the gains made throughout pre-k on mental rotation, with
boys making significantly more gains than girls. The current
findings point to the need to explore change over time to
attain a greater understanding of sex differences in mental
rotation ability. Future research should continue to explore
the influence of early schooling on the development of
spatial skills in diverse populations, with a particular focus
on the mechanisms resulting in changes in spatial thinking
and the factors leading to sex differences in these changes
(e.g., spatial activities and spatial language). Given the link
between spatial thinking and future entry into STEM fields
(Humphreys et al., 1993; Shea et al., 2001; Wai et al.,
2009), a better understanding of the influence early education,
among other potential factors, on spatial development in boys
and girls from diverse backgrounds is needed. Identifying
mechanisms that promote growth in spatial thinking is critical to
increasing the number of minorities and women entering STEM
fields.
ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of Florida International University’s
Institutional Review Board. Participants’ primary caregivers gave
written informed consent in accordance with the Declaration of
Helsinki. The protocol was approved by the Institutional Review
Board at Florida International University.
AUTHOR CONTRIBUTIONS
CA, RO, and SP contributed to conception and design of the
study. CA and RO collected the data and performed the statistical
analysis. CA wrote the first draft of the manuscript. All authors
contributed to manuscript revision, read and approved the
submitted version.
FUNDING
This research was supported by a generous grant from The Ware
Foundation to the Project on Language and Spatial Development.
This research is based upon work supported by the National
Science Foundation Graduate Research Fellowship under Grant
No. DGE-1038321. Any opinion, findings, and conclusions or
recommendations expressed in this publication are those of the
authors and do not necessarily reflect the views of the National
Science Foundation.
ACKNOWLEDGMENTS
We thank the research assistants who worked on this study and
the preschools, educators, and children for their participation.
Frontiers in Psychology | www.frontiersin.org 7 December 2018 | Volume 9 | Article 2563
fpsyg-09-02563 December 13, 2018 Time: 17:27 # 8
Abad et al. Hispanic Children’s Mental Rotation
REFERENCES
Abad, C. (2018). The Development of Spatial Thinking. Ph.D. thesis, Florida
International University, Miami, FL.
Baenninger, M., and Newcombe, N. (1989). The role of experience in spatial test
performance: a meta-analysis. Sex Roles 20, 327–344. doi: 10.1007/BF00287729
Baenninger, M., and Newcombe, N. (1995). Environmental input to the
development of sex-related differences in spatial and mathematical ability.
Learn. Individ. Differ. 7, 363–379. doi: 10.1016/1041-6080(95)90007-1
Berry, J. W. (1966). Temne and Eskimo perceptual skills. Int. J. Psychol. 1, 207–229.
doi: 10.1080/00207596608247156
Caldwell, E. C., and Hall, V. C. (1970). Concept learning in discrimination tasks.
Dev. Psychol. 2, 41–48. doi: 10.1037/h0028606
Casey, B. M., Andrews, N., Schindler, H., Kersh, J. E., Samper, A., and Copley, J.
(2008). The development of spatial skills through interventions involving block
building activities. Cogn. Instr. 26, 269–309. doi: 10.1080/07370000802177177
Cheng, Y. L., and Mix, K. S. (2014). Spatial training improves children’s
mathematics ability. J. Cogn. Dev. 15, 2–11. doi: 10.1080/15248372.2012.725186
Cohen, J., Cohen, P., West, S. G., and Aiken, L. S. (2003). Applied Multiple
Correlation/Regression Analysis for the Behavioral Sciences. Milton Park: Taylor
& Francis.
Colby, S. L., and Ortman, J. M. (2015). Projections of the Size and Composition of
the US Population: 2014 to 2060. Available at: https://www.census.gov/content/
dam/Census/library/publications/2015/demo/p25-1143.pdf
Costales, A., Abad, C., Odean, R., and Pruden, S. M. (2015). “Spatial activities
and manipulatives for early childhood classrooms,” in The Sage Encyclopedia of
Classroom Management, ed. G. Scarlett (Thousand Oaks, CA: Sage Publication).
Dunn, L. M., and Dunn, L. M. (1997). Peabody Picture Vocabulary Test –(PPVT-
III), 3rd Edn. Circle Pines, MN: American Guidance Service.
Dunn, L. M., Padilla, E., Lugo, D., and Dunn, L. M. (1986). Test de
Vocabulario en Imágenes Peabody—Adaptación Hispanoamericana [Peabody
Picture Vocabulary Test—Latin American Adaptation]. Circle Pines, MN:
American Guidance Service.
Eccles, J. S., and Jacobs, J. E. (1986). Social forces shape math attitudes and
performance. Signs 11, 367–380. doi: 10.1086/494229
Ehrlich, S. B., Levine, S. C., and Goldin-Meadow, S. (2006). The importance of
gesture in children’s spatial reasoning. Dev. Psychol. 42, 1259–1268. doi: 10.
1037/0012-1649.42.6.1259
Estes, D. (1998). Young children’s awareness of their mental activity: the case of
mental rotation. Child Dev. 69, 1345–1360. doi: 10.1080/15248372.2012.725186
Feingold, A. (1994). Gender differences in variability in intellectual abilities: a
cross-cultural perspective. Sex Roles 30, 81–92. doi: 10.1007/BF01420741
Frick, A., Daum, M. M., Wilson, M., and Wilkening, F. (2009). Effects of action
on children’s and adults’ mental imagery. J. Exp. Child Psychol. 104, 34–51.
doi: 10.1016/j.jecp.2009.01.003
Frick, A., Ferrara, K., and Newcombe, N. S. (2013). Using a touch screen paradigm
to assess the development of mental rotation between 31/2 and 51/2 years of age.
Cogn. Process. 14, 117–127. doi: 10.1007/s10339-012-0534-0
Frick, A., Möhring, W., and Newcombe, N. S. (2014). Development of mental
transformation abilities. Trends Cogn. Sci. 18, 536–542. doi: 10.1016/j.tics.2014.
05.011
Humphreys, L. G., Lubinski, D., and Yao, G. (1993). Utility of predicting group
membership and the role of spatial visualization in becoming an engineer,
physical scientist, or artist. J. Appl. Psychol. 78, 250–261. doi: 10.1037/0021-
9010.78.2.250
Huttenlocher, J., Levine, S., and Vevea, J. (1998). Environmental input and
cognitive growth: a study using time-period comparisons. Child Dev. 69, 1012–
1029. doi: 10.2307/1132360
Jahoda, G. (1979). On the nature of difficulties in spatial-perceptual tasks: ethnic
and sex differences. Br. J. Psychol. 70, 351–363. doi: 10.1111/j.2044-8295.1979.
tb01705.x
Jahoda, G. (1980). Sex and ethnic differences on a spatial–perceptual task: some
hypotheses tested. Br. J. Psychol. 71, 425–431. doi: 10.1111/j.2044-8295.1980.
tb01757.x
Jansen, P., and Heil, M. (2010). The relation between motor development and
mental rotation ability in 5- to 6-year-old children. Eur. J. Dev. Sci. 4, 67–75.
doi: 10.3233/DEV-2010-4105
Joh, A. S. (2016). Training effects and sex difference in preschoolers’ spatial
reasoning ability. Dev. Psychobiol. 58, 896–908. doi: 10.1002/dev.21445
Johnson, E. S., and Meade, A. C. (1987). Developmental patterns of spatial ability:
an early sex difference. Child Dev. 58, 725–740. doi: 10.2307/1130210
Kaess, D. W. (1971). Measures of form constancy: developmental trends. Dev.
Psychol. 4:296. doi: 10.1037/h0030443
Kaplan, B. J., and Weisberg, F. B. (1987). Sex differences and practice effects on two
visual-spatial tasks. Percept. Mot. Skills 64, 139–142. doi: 10.2466/pms.1987.64.
1.139
Kosslyn, S. M., Margolis, J. A., Barrett, A. M., Goldknopf, E. J., and Daly, P. F.
(1990). Age differences in imagery abilities. Child Dev. 61, 995–1010. doi: 10.
2307/1130871
Krüger, M., and Krist, H. (2009). Imagery and motor processes—When are they
connected? the mental rotation of body parts in development. J. Cogn. Dev. 10,
239–261. doi: 10.1080/15248370903389341
Lachance, J. A., and Mazzocco, M. M. M. (2006). A longitudinal analysis of sex
differences in math and spatial skills in primary school age children. Learn.
Individ. Differ. 16, 195–216. doi: 10.1016/j.lindif.2005.12.001
Lauer, J. E., Udelson, H. B., Jeon, S. O., and Lourenco, S. F. (2015). An early sex
difference in the relation between mental rotation and object preference. Front.
Psychol. 6:558. doi: 10.3389/fpsyg.2015.00558
Lawton, C. A. (1994). Gender differences in way-finding strategies: relationship
to spatial ability and spatial anxiety. Sex Roles 30, 765–779. doi: 10.1007/
BF01544230
Lehmann, J., Quaiser-Pohl, C., and Jansen, P. (2014). Correlation of motor skill,
mental rotation, and working memory in 3- to 6-year-old children. Eur. J. Dev.
Psychol. 11, 560–573. doi: 10.1080/17405629.2014.888995
Lemke, M., Sen, A., Pahlke, E., Partelow, L., Miller, D., Williams, T., et al. (2004).
International Outcomes of Learning in Mathematics Literacy and Problem
Solving: PISA 2003 Results from the U.S. Perspective (NCES Report No. 2005-
003). Washington, DC: U.S. Department of Education.
Levine, S. C., Foley, A., Lourenco, S., Ehrlich, S., and Ratliff, K. (2016). Sex
differences in spatial cognition: advancing the conversation. Wiley Interdiscip.
Rev. Cogn. Sci. 7, 127–155. doi: 10.1002/wcz.1380
Levine, S. C., Huttenlocher, J., Taylor, A., and Langrock, A. (1999). Early sex
differences in spatial skill. Dev. Psychol. 35, 940–949. doi: 10.1037/0012-1649.
35.4.940
Levine, S. C., Ratliff, K. R., Huttenlocher, J., and Cannon, J. (2012). Early puzzle
play: a predictor of preschoolers’ spatial transformation skill. Dev. Psychol. 48,
530–542. doi: 10.1037/a0025913
Levine, S. C., Vasilyeva, M., Lourenco, S. F., Newcombe, N. S., and Huttenlocher, J.
(2005). Socioeconomic status modifies the sex difference in spatial skill. Psychol.
Sci. 16, 841–845. doi: 10.1111/j.1467-9280.2005.01623.x
Linn, M. C., and Petersen, A. C. (1985). Emergence and characterization of sex
differences in spatial ability: a meta-analysis. Child Dev. 56, 1479–1498. doi:
10.2307/1130467
Lippa, R. A., Collaer, M. L., and Peters, M. (2010). Sex differences in mental
rotation and line angle judgments are positively associated with gender equality
and economic development across 53 nations. Arch. Sex. Behav. 39, 990–997.
doi: 10.1007/s10508-008-9460-8
Liu, J., and Lynn, R. (2011). Factor structure and sex differences on the Wechsler
Preschool and Primary Scale of Intelligence in China, Japan and United States.
Pers. Individ. Differ. 50, 1222–1226. doi: 10.1016/j.paid.2011.02.013
Lynn, R. (1992). Sex differences on the Differential Aptitude Test in British
and American adolescents. Educ. Psychol. 12, 101–102. doi: 10.1080/
0144341920120201
Maccoby, E. E., and Jacklin, C. N. (1974). The Psychology of Sex Differences, Vol. 1.
Stanford, CA: Stanford University Press.
Manger, T., and Eikeland, O. (1998). The effects of spatial visualization and
students’ sex on mathematical achievement. Br. J. Psychol. 89, 17–25. doi: 10.
1111/j.2044-8295.1998.tb02670.x
Mann, V. A., Sasanuma, S., Sakuma, N., and Masaki, S. (1990). Sex differences
in cognitive abilities: a cross-cultural perspective. Neuropsychologia 28, 1063–
1077. doi: 10.1016/0028-3932(90)90141-A
Moore, D. S., and Johnson, S. P. (2008). Mental rotation in human infants:
a sex difference. Psychol. Sci. 19, 1063–1066. doi: 10.1111/j.1467-9280.2008.
02200.x
Frontiers in Psychology | www.frontiersin.org 8 December 2018 | Volume 9 | Article 2563
fpsyg-09-02563 December 13, 2018 Time: 17:27 # 9
Abad et al. Hispanic Children’s Mental Rotation
National Science Foundation and National Center for Science and Engineering
Statistics (2013). Women, Minorities, and Persons with Disabilities in Science
and Engineering: 2013. Arlington, VA: National Science Foundation.
Nazareth, A., Herrera, A., and Pruden, S. M. (2013). Explaining sex differences in
mental rotation: role of spatial activity experience. Cogn. Process. 14, 201–204.
doi: 10.1007/s10339-013-0542-8
Newcombe, N., Bandura, M. M., and Taylor, D. G. (1983). Sex differences in spatial
ability and spatial activities. Sex Roles 9, 377–386. doi: 10.1007/BF00289672
Newsom, J. T. (2012). “Basic longitudinal analysis approaches for continuous
and categorical variables,” in Longitudinal data Analysis: A Practical Guide for
Researchers in Aging, Health, and Social Sciences, eds J. T. Newsom, R. N. Jones,
and S. M. Hofer (New York, NY: Routledge), 143–179.
Parsons, J. E., Adler, T. F., and Kaczala, C. M. (1982). Socialization of achievement
attitudes and beliefs: parental influences. Child Dev. 53, 310–321. doi: 10.2307/
1128973
Platt, J. E., and Cohen, S. (1981). Mental rotation task performance as a function of
age and training. J. Psychol. 108, 173–178. doi: 10.1080/00223980.1981.9915260
Pruden, S. M., and Levine, S. C. (2017). Parents’ spatial language mediates a sex
difference in preschoolers’ spatial-language use. Psychol. Sci. 28, 1583–1596.
doi: 10.1177/0956797617711968
Pruden, S. M., Levine, S. C., and Huttenlocher, J. (2011). Children’s spatial thinking:
Does talk about the spatial world matter? Dev. Sci. 14, 1417–1430. doi: 10.1111/
j.1467-7687.2011.01088.x
Quinn, P. C., and Liben, L. S. (2008). A sex difference in mental rotation in young
infants. Psychol. Sci. 19, 1067–1070. doi: 10.1111/j.1467-9280.2008.02201.x
Quinn, P. C., and Liben, L. S. (2014). A sex difference in mental rotation in infants:
Convergent evidence. Infancy 19, 103–116. doi: 10.1111/infa.12033
Rosenthal, R. (1979). The “file drawer problem” and tolerance for null results.
Psychol. Bull. 86, 638–641. doi: 10.1037/0033-2909.86.3.638
Rutherford, A. (2011). ANOVA and ANCOVA: a GLM Approach. Hoboken, NJ:
John Wiley & Sons. doi: 10.1002/9781118491683
Schafer, J. L., and Graham, J. W. (2002). Missing data: our view of the state of the
art. Psychol. Methods 7, 147–177. doi: 10.1037/1082-989X.7.2.147
Shea, D. L., Lubinski, D., and Benbow, C. P. (2001). Importance of assessing spatial
ability in intellectually talented young adolescents: a 20-year longitudinal study.
J. Educ. Psychol. 93, 604–614. doi: 10.1037/0022-0663.93.3.604
Silverman, I., Choi, J., and Peters, M. (2007). The hunter-gatherer theory of sex
differences in spatial abilities: data from 40 countries. Arch. Sex. Behav. 36,
261–268. doi: 10.1007/s10508-006-9168-6
Sinton, D., Bendarz, S., Gershmehl, P., Kolvoord, R. A., and Uttal, D. (2013).
The People’s Guide to Spatial Thinking. Washington, DC: National Council for
Geographic Education.
Tabachnick, B. G., and Fidell, L. S. (2013). Using Multivariate Statistics. Boston, MA:
Pearson.
Terlecki, M. S., Newcombe, N. S., and Little, M. (2008). Durable and
generalized effects of spatial experience on mental rotation: gender differences
in growth patterns. Appl. Cogn. Psychol. 22, 996–1013. doi: 10.1002/acp.
1420
Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C.,
et al. (2013). The malleability of spatial skills: a meta-analysis of training studies.
Psychol. Bull. 139, 352–402. doi: 10.1037/a0028446
Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., and Newcombe, N. S. (2017).
Links between spatial and mathematical skills across the preschool years: IV.
Results—Links between spatial assembly, later spatial skills, and concurrent
and later mathematical skills. Monogr. Soc. Res. Child Dev. 82, 71–80. doi:
10.1111/mono.12283
Voyer, D., Voyer, S., and Bryden, M. P. (1995). Magnitude of sex differences in
spatial abilities: a meta-analysis and consideration of critical variables. Psychol.
Bull. 117, 250–270. doi: 10.1037/0033-2909.117.2.250
Wai, J., Lubinski, D., and Benbow, C. P. (2009). Spatial ability for STEM
domains: aligning over 50 years of cumulative psychological knowledge
solidifies its importance. J. Educ. Psychol. 101, 817–835. doi: 10.1037/a001
6127
Wright, R., Thompson, W. L., Ganis, G., Newcombe, N. S., and Kosslyn, S. M.
(2008). Training generalized spatial skills. Psychon. Bull. Rev. 15, 763–771.
doi: 10.3758/PBR.15.4.763
Yuan, K. H., and Hayashi, K. (2010). Fitting data to model: structural equation
modeling diagnosis using two scatter plots. Psychol. Methods 15, 335–351. doi:
10.1037/a0020140
Conflict of Interest Statement: The authors certify that they have NO affiliations
with or involvement in any organization or entity with any financial interest (such
as honoraria; educational grants; participation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or other equity interest; and expert
testimony or patent-licensing arrangements), or non-financial interest (such as
personal or professional relationships, affiliations, knowledge, or beliefs) in the
subject matter or materials discussed in this manuscript.
Copyright © 2018 Abad, Odean and Pruden. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 9 December 2018 | Volume 9 | Article 2563
